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I ,  I N  TRODUC TI ON 
This i s  the eleventh quar te r ly  progress repor t  on I I T R I  
Pro jec t  E6000 "Environmental Study of Miniature S l i p  R i n g s ,  " 
This report covers t h e  a c t i v i t i e s  during t h e  period 1 January 
1966 t o  1 April  1966 and i s  the t h i r d  qua r t e r ly  r epor t  on the 
twelve month continuation authorized by Modification N o ,  6 of 
Contract N A S 8 - 5 2 5 1 .  The object ives  of the new e f f o r t  a r e  t o  
evaluate  s l i p  r i n g  materials and design techniques su i t ab le  f o r  
operat ion i n  high vacuum- 
During the period reported herein,  t h e  following a c t i -  
v i t i e s  w e r e  performed: 
A. Lubrication s tudies  i n  high vacuum have been 
s t a r t e d ,  
B, Additional hard gold overlay s tud ie s  have 
kzzn carried out.  
C ,  A new brush design has  been evaluated, 
D. E lec t ropla t ing  s tudies  have been continued. 
E ,  Preparations f o r  new run-in tests i n  high 
vacuum have been completed. 
I1 0 REPORTTNG PERIOD ACTIVITY 
A" Lubricat ion Studies  
Apparatus f o r  lubr ica t ion  s tud ie s  has  been completed 
and i n s t a l l e d  i n  a high vacuum chamber. 
employs an ion pump which el iminates  any p o s s i b i l i t y  of con- 
The high vacuum system 
tamination from externa l  sources. The tes t  apparatus cons i s t s  
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of a r o t a t i n g  sha f t  with a grooved copper-soft gold p la ted  
r ing ,  
groove and attached t o  a microforce transducer,  The lub r i can t  
i s  deposited on t o  t h e  r ing  by evaporation and tested f o r  i t s  
A weighed piece of 7 m i l  brush w i r e  i s  placed i n  the  
effect  on f r i c t i o n ,  wears and e l e c t r i c a l  noise.  Shielding i s  
provided t o  prevent the lub r i can t  from contaminating t h e  sys- 
t e m .  F i g u r e s  1 and 2 show t h e  apparatus used i n  l ub r i ca t ion  
s t u d i e s ,  Sixteen copper r i n g s  have been machined and p la ted  
with s o f t  gold,  The lub r i can t  mater ia l s  t h a t  have been chosen 
f o r  t e s t i n g  a r e  s o f t  metals,  
w e t t a b i l i t y  and low f i l m  cohesion. The candidate mater ia l s  
are:  indium, rhodium, gall ium, and chromium. 
The desired parameters a r e  good 
The first  preliminary test  runs and t h e  ca l ib ra t ion  of 
D u r i n g  t he  f irst  two  the force t r = . ~ s & c e r  h=qrp heen perfo-med, 
runs several  problems w e r e  encountered, One of the  problems 
i n  using a free f l o a t i n g  rider was t h a t  s t i ck ing  would occur 
between the brush and the  r ing  causing the  rider t o  unbalance, 
T h i s  problem was solved by ca re fu l ly  balancing the rider and 
making several  mechanical adjustments t o  insure  t h a t  no vibra- 
t i o n  w a s  being t r ans fe r r ed  t o  the r i n g  from t h e  d r ive r  motor, 
a n d  t h a t  alignment was very accurate.  Another problem was i n  
pe r fec t ion  of the sublimation technique. 
runs ,  an i n s u f f i c i e n t  amount of indium was deposited onto the 
r i n g s ,  This involved a redes ign  of the  indium crucible using 
a tantalum boat ,  During the  f i r s t  successful run, t h e  s l i p  
During t h e  f i rs t  two 
c 
1 
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r i n g s  w e r e  ro t a t ed  a t  200 rpm with a 25 ma d-c cur ren t  i n  the 
brush-ring c i r c u i t -  The e l e c t r i c a l  noise averaged 5 m i l l i v o l t s  
-7 i n  a vacum. of 10 to r r ,  The force on t h e  transducer was 
2-6 grams, Sublimation of indium was continued f o r  t e n  sec- 
onds, The force on the transducer rose sharply t o  7 - 9  grams and 
then carr-e back immediately a f t e r  sublimation t o  2-1 grams, The 
noise dropped t o  an average l e v e l  of 0-1 m i l l i v o l t s ,  A f t e r  t en  
minutes of operation the force was 1.6 grams and the  noise 
l e v e l  was 1 - 2  m i l l i v o l t s .  A f t e r  seven hours the f r i c t i o n  has  
increased t o  4-3 grams. N o  noise measurement could  be made 
s i n c e  one of the w i r e s  i n t e r n a l l y  connected t o  the r ing  had 
broken, The dramat.ic reduction of noise and f r i c t i o n  immediately 
upon sublimation appears t o  be very promising. Further tests 
w ~ l l  be carried ou t  w i t h  d i f f e r e n t  candidate lub r i can t s ,  The 
sublimation t echn ique  w i l l  be fu r the r  improved t o  e n s u r e  a 
uniform deposit ion of the lubr icant -  
B, H a r d  Gold Overlay S t u d i e s  
An attempt w a s  made t o  perform a q u a l i t a t i v e  ana lys i s  
of  t h e  organic cons t i t uen t s  of the debris co l lec ted  during 
a previous t es t  of Autronex N I  hard gold overlay,  Spectro- 
graphic  ana lys i s  indicated t h a t  there  w e r e  no metals present  
i n  the debris. However, the amount of t he  debris was i n s u f f i -  
c i e n t  fo r  a q u a l i t a t i v e  analysis .  A run-in test  has been con- 
ducted i n  a nitrogen atmosphere w i t h  a s l i p  r ing  p la ted  with 
Autronex N I  hard gold overlay,  The objec t ive  of t h i s  test 


















was t o  accmiulate a s u f f i c i e n t  amount of wear debris t o  enable 
a de t a i l ed  spectrographic analysis ,  The run-in test was 
conducted f o r  840 hours of continuous ro ta t ion  a t  200 rpm with 
per iodic  and frequent reversal  of the d i r ec t ion  of ro t a t ion ,  
A d--e current  of 25 ma was supplied t o  the brush-ring c i r c u i t  
throughout the tes t ,  The noise leve l  remained low with max- 
i m u m  readings of 400 microvolts peak-to-peak a t  t he  t i m e s  of 
reversal  of ro t a t ion .  
t e s t  was 1 2 0  microvolts peak-to-peak. A s u f f i c i e n t  amount of 
wear debr i s  products has been col lected and i s  being analyzed 
by spectrographic techniqueo 
C, New Brush D e s i a n s  
The average noise a t  t he  end of the  
A new brush design has been evaluated both i n  a n i t ro -  
gen atmosphere and i n  high vacuum. 
m i l  brush w i r e  t runcated along the ax i s  with the  r e su l t i ng  
cord of the  wire s i t t i n g  i n  t h e  r ing groove, 
ind ica ted  t h a t  there  was no marked improvement i n  the noise per- 
formance a s  compared with the standard brush designs.  Both 
tests w e r e  ca r r i ed  out  f o r  280 hours of continuous ro t a t ion  
a t  200 rpm with a brush current  of 25 ma. 
De - E l e c t r o d a t i n a  S t u d i e s  
S ix  copper r ings  have been machined t o  be used i n  
This design used a Nye-Oro 7 
Both r u n - i n  tests 
e l e c t r o p l a t i n g  s t u d i e s ,  The object ive of these s tud ies  i s  t o  
investigate the e f f e c t  of a r e l a t i v e l y  harder subs t ra te  under 
the  hard gold overplat ing on wear and noise c h a r a c t e r i s t i c s ,  
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Previous experimental r ings  employed a soft. gold basis m e t a l  
f o r  t h e  overlays,  Nickel,  which has a w e l l  developed p l a t i n g  
technology was se lec ted  a s  the  candidate harder substrate 
mater ia l  I_ 
low res idua l  stresses, Specimens w e r e  p la ted  a t  a cur ren t  den- 
s i t y  of 144 amperes per  square inch employing rapid r o t a t i o n -  
P la t ing  r u n s  of 3 t o  4 hours were required t o  b u i l d  up the  
required thickness ,  The bath was operated a t  45OC, and About 
3-4  v o l t s ,  The r e s u l t a n t  depos i t s  w e r e  l u s t r o u s ,  smooth, and 
showed a diamond pyramid hardness (DPH) of 285 under 100 gram 
loading, 
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per second Ultek Boostivac pump with t i tanium sublimation on 
a water cooled jacke t ,  The necessary mechanical modif icat ions 
f o r  mounting of the experimental capsule and the magnetic dr ive  
have been completed and the run-in t e s t s  w i l l  be s t a r t e d  sho r t ly ,  
F, Miscellaneous 
Several  i t e m s  per ta ining t o  high vacuum operat ion of 
s l i d ing  contacts  appeared i n  l i t e r a t u r e .  Lockheed M i s s i l e s  
and Space Company reported on a new brush mater ia l  ca l l ed  CLB 
Alloy, Superior noise performance i n  high vacuum i s  claimed. 
Westinghouse E l e c t r i c  Corporation developed a new connector 
mater ia l  f o r  space appl icat ions.  This mater ia l  niobium 
d i se l l en ide ,  can withstand high shearing act ion without any 
damage t o  the  contact  surfaces.  Lectro-Dynamics developed a 
new lubricant f o r  use i n  a vacuum. Exceptionally good proper- 
t i e s  a r e  claimed f o r  t h i s  lubr icant .  The above mentioned 
companies have been asked t o  supply more information and sam- 
p l e s  f o r  o u r  evaluation. 
Two experimental brush-ring assemblies were fabr ica ted  
and were forwarded t o  George C. Marshall Space F l igh t  C e n t e r  
t o  be used i n  the  in-house s tudies .  One of the  assemblies 
employed the  present ly  used brush-ring design and the  o ther  
assembly had an i so l a t ed  r ing  a s  used i n  previous s tud ies ,  
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Lubrication s tudies  i n  high vaccum have 
been s t a r t ed .  
A run-in t es t  of a hard gold overlay was 
conducted i n  a nitrogen atmosphere and 
a s u f f i c i e n t  amount of debris was co l lec ted  
f o r  a spectrographic analysis .  
A new brush design was evaluated and no 
marked improvement i n  noise performance 
was found. 
N i c k e l  - s o f t  gold p la ted  r ings  have been 
prepared t o  be t e s t ed  i n  nitrogen atmosphere. 
Preparat ions have been completed f o r  re- 
sumption of tes ts  i n  a high vacuum using 
an ion pump system. 
IV, FUTURE ACTIVI TTES 
During t h e  next qua r t e r ly  report  period of t h i s  pro- 
gram, t.he following a c t i v i t i e s  w i l l  be performed: 
A, Lubrication s tudies  i n  high vacuum w i l l  
be completed. 
B. Spectrographic ana lys i s  of wear debris 
co l lec ted  during the  run-in test  of a 
hard gold overlay r ing  w i l l  be performed. 
C. Run-in tests of nickel-soft  gold plated 
r i n g s  w i l l  be conducted. 
De Run-in tests of experimental capsules 
i n  a high vaclium w i l l  be ca r r i ed  ou t ,  
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